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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a crystal 
oscillation circuit capable of oscillating stably with small 
power consumption. 

SOLUTION: This crystal oscillation circuit includes a 
signal inversible amplifier 30, a crystal oscillator 10 and 
feedback circuits 14, 16 and 18 for phase- inverting the 
output signal of the signal inversible amplifier and 
feedback- inputting it. Then, the sum of the absolute 
values of the threshold voltage of the first 
semiconductor switching element 42 constituting the 
amplifier 30 and the second semiconductor switching 
element 52 is set to be a value equal to or larger than 
the absolute value of a potential difference between the 
first potential and the second potential. 
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* NOTICES * 



Japan Patent Office is not responsible for anydamages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
5 precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The oscillator circuit characterized by restricting the short current which flows to said signal 
15 inversed amplifier so that the ON drive of the 1st solid-state-switching component which constitutes a 
signal inversed amplifier, and the 2nd solid-state-switching component may not be carried out at 
coincidence. 

20 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

25 [Field of the Invention] This invention relates to an oscillator circuit, the electronic circuitry which used 
this, the semiconductor device using these, electronic equipment, and a clock. 
[0002] 

[A background technique and Object of the Invention] Conventionally, the oscillator circuit which used 
the quartz resonator is widely used for the portable wrist watch, the portable telephone, and the 
30 computer terminal. By the electronic equipment of such a pocket mold, power consumption is saved and 
it is necessary to attain reinforcement of a cell. 

[0003] Said ridge oscillator is constituted including a signal inversed amplifier and the feedback circuit 
equipped with the quartz resonator. As for said signal inversed amplifier, an input side and a drain are 
used, for example for the gate as an output side including the transistor of a pair, as for each transistor. 
35 In this case, those drain side is connected mutually and, as for said each transistor, those source side is 
connected to the ground and supply voltage side, respectively. 

[0004] In the ridge oscillator of the above configuration, if supply voltage is impressed to a signal inversed 
amplifier, phase reversal will be carried out about 1 80 degrees, and the feedback input of the output of a 
signal inversed amplifier will be carried out at the gate of each of said transistor, by this feedback 
40 actuation, the transistor which constitutes a signal inversed amplifier carries out an on-off drive by turns 
— having — the oscillation output of a ridge oscillator — gradually — increasing — just — being alike — 



1 



it comes to perform vibration stabilized by vibrator. 

[0005] However, in the conventional ridge oscillator, the absolute value of the electrical potential 
difference Vreg impressed to a signal inversed amplifier was set up beyond the total value of the absolute 
value of the threshold voltage VTP and VTN of each transistor, as shown in a degree type. 
5 [0006] 

| Vregl > |VTP| + |VTN| ....(1) 

[0007] this invention person found out that it had been a problem when this becomes the cause by which 
the short current Is flows to a low voltage side from a high potential side about the inside of a signal 
inversed amplifier and aims at reduction of the power consumption of the whole circuit. 
10 [0008] The purpose of this invention reduces the short current which flows to a signal inversed amplifier, 
and is to offer the oscillator circuit which can be oscillated by little power consumption, the electronic 
circuitry using this, the semiconductor device using these, electronic equipment, and a clock. 
[0009] 

[Means for Solving the Problem] In order to attain said purpose, the oscillator circuit of the gestalt of this 
15 operation is characterized by restricting the short current which flows to said signal inversed amplifier so 
that the ON drive of the 1st solid-state-switching component which constitutes a signal inversed 
amplifier, and the 2nd solid-state-switching component may not be carried out at coincidence. 
[0010] 

[Embodiment of the Invention] In order to attain said purpose, the gestalt of the 1st operation is 
20 characterized by the sum of the absolute value of the threshold voltage of the 1 st solid-state-switching 
component which constitutes a signal inversed amplifier, and the 2nd solid-state-switching component 
restricting the short current which is set as the value more than the absolute value of the supply voltage 
of a signal inversed amplifier, and flows to said signal inversed amplifier. 

[001 1] Moreover, the gestalt of the 2nd operation has the quartz resonator connected between the signal 
25 inversed amplifier, and the output side of said signal inversed amplifier and an input side, and carries out 
phase inversion of the output signal of said signal inversed amplifier. The feedback circuit which carries 
out a feedback input is included in said signal inversed amplifier. Said signal inversed amplifier The 1st 
circuit containing the 1st solid-state-switching component in which is connected to a 1st potential side 
and an on-off drive is carried out by said feedback input and which carries out the excitation drive of said 
30 quartz resonator, The 2nd circuit containing the 2nd solid-state-switching component which is connected 
to a different 2nd potential side from said 1 st potential, and an on-off drive is carried out to the timing 
which differs from said 1 st solid-state-switching component by said feedback input, and carries out the 
excitation drive of said quartz resonator is included. The sum of the absolute value of the threshold 
voltage of the 1 st solid-state-switching component which constitutes a signal inversed amplifier, and the 
35 2nd solid-state-switching component is characterized by being set as the value more than the absolute 
value of the potential difference of said 1st potential and the 2nd potential. 

[0012] If the ridge oscillator of the gestalt of the 1st and operation of two impresses an electrical 
potential difference to a signal inversed amplifier, the excitation drive of a quartz resonator will be started. 
Phase inversion of the output of a signal inversed amplifier is carried out by the feedback circuit, and a 
40 feedback input is carried out And reversal magnification is carried out by the signal inversed amplifier, 
and this feedback input signal repeats actuation of being outputted, and performs it. 
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[0013] At this time, an on-off drive is carried out to the timing which changes mutually with said 
feedback inputs, and the 1st and 2nd solid-state-switching component which constitutes a signal 
inversed amplifier carries out the excitation drive of said quartz resonator. 

[0014] With the gestalt of this operation, the sum of the absolute value of the threshold voltage of the 
5 said 1st and 2nd solid-state-switching component is set as the value more than the absolute value of the 
supply voltage of a signal inversed amplifier. For this reason, the short current which it is avoided at the 
time of a circuit drive that the ON drive of the 1st and 2nd solid-state-switching component is carried 
out at coincidence, consequently flows to a signal inversed amplifier can be restricted sharply, and 
low-power-ization can be attained. 

10 [0015] Especially, according to the gestalt of the 1st and operation of two, the cure against a short 
current can be substituted for manufacturing the 1st and 2nd transistor, and the special passive circuit 
elements for a short current cure become unnecessary so that the conditions of said threshold voltage 
may be satisfied. Thereby, it becomes possible to attain low-power-ization of a ridge oscillator, without 
reducing the degree of integration of the whole circuit 

15 [0016] In addition, in the gestalt of the 1st and operation of two, it is necessary to set each absolute 
value of the threshold voltage of the said 1st and 2nd solid-state-switching component as the value 
which is less than the absolute value of the supply voltage of a signal inversed amplifier. 
[0017] The gestalt of the 3rd operation to the gate of the 1st solid-state-switching component which 
constitutes a signal inversed amplifier, and the 2nd solid-state-switching component The bias circuit 

20 which impresses the 1st direct-current bias voltage and the 2nd direct-current bias voltage is included. 
Said 1st direct-current bias voltage and the 2nd direct-current bias voltage To the value in which the 1st 
solid-state-switching component and the 2nd solid-state-switching component do not have a common 
"on" period It is characterized by shifting the direct-current potential of a feedback input of said signal 
inversed amplifier inputted into each gate of said 1st solid-state-switching component and the 2nd 

25 solid-state-switching component according to an individual. 

[0018] The gestalt of the 4th operation has the quartz resonator connected between the signal inversed 
amplifier, and the output side of said signal inversed amplifier and an input side, and carries out phase 
inversion of the output signal of said signal inversed amplifier. The feedback circuit which carries out a 
feedback input, and the bias circuit which impresses direct-current bias voltage at said signal inversed 

30 amplifier are included in said signal inversed amplifier. Said signal inversed amplifier The 1st circuit 
containing the 1st solid-state-switching component in which is connected to a 1st potential side and an 
on-off drive is carried out by said feedback input inputted into the gate and which carries out the 
excitation drive of said quartz resonator. The 2nd circuit containing the 2nd solid-state-switching 
component which is connected to a different 2nd potential side from said 1st potential, and an on-off 

35 drive is carried out to the timing which differs from said 1st solid-state-switching component by said 
feedback input inputted into the gate, and carries out the excitation drive of said quartz resonator, The 
1st bias circuit which impresses the 1st direct-current bias voltage to the gate of the 1st 
solid-state-switching component where an implication and said bias circuit constitute a signal inversed 
amplifier, To the gate of the 2nd solid-state-switching component which constitutes a signal inversed 

40 .amplifier The 2nd bias circuit which impresses the 2nd direct-current bias voltage is included. Said 1st 
direct-current bias voltage and the 2nd direct-current bias voltage To the value in which said 1st 
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solid-state-switching component and the 2nd solid-state-switching component do not have a common 
"on" period It is characterized by shifting the direct-current potential of a feedback input of said signal 
inversed amplifier inputted into each gate of said 1st solid-state-switching component and the 2nd 
solid-state-switching component according to an individual. 
5 [0019] According to the gestalt of the 3rd and the 4th operation, the 1st and 2nd direct-current bias 
voltage is impressed to the gate of the 1 st and 2nd solid-state-switching component which constitutes a 
signal inversed amplifier, respectively. 

[0020] Said 1st direct-current bias voltage and the 2nd direct-current bias voltage make the value in 
which said 1st solid-state-switching component and the 2nd solid-state-switching component do not 
10 have a common "on" period shift the direct-current potential of a feedback input of said signal inversed 
amplifier inputted into each gate of said 1st solid-state-switching component and the 2nd 
solid-state-switching component according to an individual. 

[0021] In case an on-off drive is carried out to the timing which changes mutually with said feedback 
inputs and the 1 st and 2nd solid-state-switching component which constitutes a signal inversed amplifier 

15 carries out the excitation drive of said quartz resonator by adopting the above configuration according to 
the gestalt of this operation, the common "on" period which the 1st and 2nd solid-state-switching 
component both turns on does not occur. For this reason, the short current which flows to a signal 
inversed amplifier is reduced sharply, and it becomes possible to obtain the ridge oscillator which can 
carry out a stable oscillation in little power consumption. 

20 [0022] Especially, according to the gestalt of the 3rd and operation of four, even when the absolute value 
of each threshold voltage of the 1 st and 2nd solid-state-switching component is small, the short current 
of a signal inversed amplifier can be reduced. For this reason, supply voltage of a ridge oscillator can be 
made into that much low value, and it becomes possible also from this field to attain low-power-ization of 
an oscillator circuit. 

25 [0023] It is characterized by setting said 1st direct-current bias voltage as said 1st potential for the 
gestalt of the 5th operation in the gestalt of the 4th operation, and setting said 2nd direct-current bias 
voltage as said 2nd potential. 

[0024] According to the gestalt of this operation, the direct-current potential of a feedback input to each 
gate of said 1 st solid-state-switching component and the 2nd solid-state-switching component is shifted 
30 according to an individual by impression of said direct-current bias voltage at a 1st potential [ of a power 
source ], and 2nd potential side. Thereby, the ridge oscillator which can reduce the short current of a 
signal inversed amplifier certainly can be obtained by easy circuitry. 

[0025] The gestalt of the 6th operation is characterized by constituting said 1st and 2nd 
solid-state-switching components using the field-effect transistor component of a different conductivity 
35 type in the 1 -5th either. 

[0026] The electronic circuitry of the gestalt of the 7th operation is characterized by having the oscillator 
circuit of the gestalt of the 1 -6th ones of operations. 

[0027] The semiconductor device of the gestalt of the 8th operation is characterized by being 
constituted including the oscillator circuit of the gestalt of the 1-6th ones of operations, or the electronic 
40 circuitry of the gestalt of the 7th operation. 

[0028] The electronic equipment of the gestalt of the 9th operation is characterized by being constituted 



4 



including the oscillator circuit of the gestalt of the 1-6th ones of operations, or the electronic circuitry of 
the gestalt of the 7th operation. 

[0029] By doing in this way, it becomes possible to reduce the power consumption of portable electronic 
devices, such as a cellular phone and a computer terminal of a pocket mold, and to make small power 
5 consumption of the built-in cell and rechargeable batteries, such as a dc-battery. 

[0030] The clock of the gestalt of the 10th operation is characterized by being constituted including one 
oscillator circuit of the gestalten of the 1-6th operations, or the electronic circuitry of the gestalt of the 
7th operation. 

[0031] In becoming possible to attain the miniaturization of the whole clock as a still smaller thing about 
10 the cell which can realize a portable clock with power consumption smaller than doing in this way, 
consequently is used and using the cell of the same capacity, it becomes possible to attain reinforcement 
of a cell. 
[0032] 

[Example] Next, the gestalt of concrete operation of this invention is explained to a detail based on a 
15 drawing. 

[0033] (The 1 st example) The ridge oscillator concerning the 1 st example of this invention is shown in 
drawing 1 . The ridge oscillator of this example is a ridge oscillator used for a Quartz type wrist watch. 
[0034] The ridge oscillator of this example is constituted including the signal inversed amplifier 30 and a 
feedback circuit. Said feedback circuit is constituted including a quartz resonator 10, resistance 14, and 
20 the capacitors 16 and 18 for phase compensation, carries out phase reversal of the output VD of the 
signal inversed amplifier 30 (t) about 180 degrees, makes this gate signal VG(t) t and carries out a 
feedback input to the gate of the signal inversed amplifier 30. 

[0035] It connects with a 2nd [ of potential lower than this ] potential side a 1st potential side, and said 
signal inversed amplifier 30 is constituted so that the potential difference of both potentials may receive 
25 an electric power supply and it may drive. Here, said 1st potential is set as the ground potential VDD, and 
the 2nd potential is set as the negative power-source potential Vreg supplied from the power circuit 
section 60. 

[0036] Said signal inversed amplifier 30 is constituted including the tst circuit 40 and the 2nd circuit 50. 
[0037] Said 1st circuit 40 is constituted including the field-effect transistor 42 of the P type which 
30 functions as 1st solid-state-switching component, the source of this transistor 42 is connected to a 
ground side, a drain is connected to an output terminal 80 side, and said feedback signal VG(t) is 
impressed to that gate. 

[0038] Said 2nd circuit 50 is constituted including the field-effect transistor 52 of the N type which 
functions as 2nd solid-state-switching component, the source of this transistor 52 is connected to the 
35 power supply terminal side of the power circuit section 60, a drain is connected to an output terminal 80 
side (here, it connects with the drain of a transistor 42), and said feedback signal VG(t) is impressed to 
that gate. 

[0039] as said transistor 42 — P type — and the transistor of an enhancement type electric field effect 
mold — as ****** and said transistor 52 — N type — and an enhancement type transistor is used. And 
40 the value of threshold voltage VTP of a transistor 42 and the threshold voltage VTN of a transistor 52 is 
set up so that the total value of those absolute values may turn into a value more than the absolute 
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value of the supply voltage (supply voltage serves as Vreg which is the potential difference of ground 
potential and power-source potential in this example since the ground potential VDD is set as 0) 
impressed to the signal inversed amplifier 30, as shown in a degree type. 
[0040] 

5 | Vreg|-<= |VTP| + |VTN| .... (2) 

[0041] Furthermore, the absolute value of the threshold voltage of each of said transistors 42 and 52 is 
set up so that it may become the value which is less than the absolute value of supply voltage as shown 
in a degree type, respectively. 
[0042] 

10 | Vreg|-> |VTP||Vreg|-> |VTN| .... (3) 

[0043] Thereby, at the time of a circuit drive, the ridge oscillator of this example can reduce sharply the 
value of the short current which flows to the signal inversed amplifier 30, and can attain 
low-power-ization. 

[0044] The reason is explained below. 

15 [0045] The timing chart of the ridge oscillator of this example is shown in the timing chart of the 
conventional ridge oscillator, and drawing 3 , and, as for the elapsed time after, as for an axis of abscissa, 
supply voltage Vreg is impressed from the power circuit section 60, and an axis of ordinate, feedback 
input VG(t) to the signal inversed amplifier 30, ON of each transistors 42 and 52, and an OFF state are 
expressed with drawing 2 to them, respectively. 

20 [0046] As mentioned above, by the conventional ridge oscillator, the threshold voltage of two transistors 
42 and 52 which constitute the signal inversed amplifier 30 was set up so that the aforementioned (1) 
formula might be satisfied. In this case, when the threshold voltage of each transistors 42 and 52 and the 
relation between the ground potential VDD and the power-source potential Vreg are illustrated, it comes 
to be shown in drawing 4 . That is, if the value of feedback input VG(t) to the signal inversed amplifier 30 

25 takes the value of the range of VTP>VG(t) >VTN to the potential of said both threshold voltage VTP and 
VTN, the short field where both the transistors 42 and 52 of both are turned on exists. 
[0047] Therefore, as shown in drawing 2 , each transistors 42 and 52 were turned on by turns from 
feedback signal VG(t), and while the OFF drive having been carried out, the common "on" period by 
which the ON drive of both the transistors 42 and 52 of both will be carried out occurred periodically, the 

30 short current flowed from high potential (VDD) to the low voltage (Vreg) side, and it had become 
hindrance when this reduces power consumption. 

[0048] On the other hand, in this example, the threshold voltage of each transistors 42 and 52 is set up 
so that the aforementioned (2) formula and (3) types may be satisfied. When each threshold voltage in 
this case and the relation between the ground potential VDD and the power-source potential Vreg are 

35 illustrated, it comes to be shown in drawing 5 . That is, if the value of feedback input VG(t) to the signal 
inversed amplifier 30 takes the value of the range of VTN>VG(t) >VTP to the potential of said both 
threshold voltage VTP and VTN, both the transistors 42 and 52 will certainly be turned off and the 
common "on" period which both the transistors 42 and 52 of both turn on like before does not exist. 
[0049] That is, as are shown in drawing 3 and the OFF drive of each transistors 42 and 52 is turned on 

40 and carried out by turns by feedback signal VG(t), the short current which the period when both the 
transistors 42 and 52 of both are turned on stops having existed, and had become a problem 
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conventionally can be reduced sharply, and power consumption of a ridge oscillator can be lessened. 
[0050] Especially, in this example, the cure against a short current of the signal inversed amplifier 30 can 
be performed, without increasing the components mark of a circuit. 

[005 1] Moreover, in this example, as the absolute value of the threshold voltage of each of said 
5 transistors 42 and 52 shows in the aforementioned (3) formula, it is set as the value smaller than the 
absolute value of supply voltage Vreg. Low-powerHzation is realizable, this maintaining the oscillation 
actuation by which the ridge oscillator was stabilized. 

[0052] That is, in a ridge oscillator, the absolute value of the amplitude of feedback signal VG(t) of the 
signal inversed amplifier 30 does not exceed the absolute value of the supply voltage Vreg of a signal 
10 inversed amplifier. For this reason, by setting up the absolute value of the threshold voltage of each 
transistors 42 and 52 so that the aforementioned (3) formula may be satisfied, it can be stabilized and the 
on-off drive of each transistors 42 and 52 can be carried out by turns. 

[0053] According to the experiment of this invention persons, when an absolute value drove an oscillator 
circuit using the supply voltage Vreg of 0.9 volts, even if it changed the sum of the absolute value of the 

15 threshold voltage of each transistors 42 and 52 in the range shown by the degree type, the good 
oscillation condition could be maintained, and it was checked that low-power-izing is possible. 
[0054] 1.4 volts > |VTP| + |VTN| > 0.9 volts [0055] Furthermore, in this example, the OFF leakage current 
of transistors 42 and 52 can be made small from the following reasons, and the power consumption of the 
whole circuit can be reduced also from this field. 

20 [0056] Drawing 6 is a property Fig. showing the relation between the drain current ID of an enhancement 
type transistor, and the electrical potential difference VGS between the gate sources. With the transistor 
of an enhancement type, it shifts to left-hand side, and as shown in this drawing, as a drawing destructive 
line shows, that off leakage current increases, as the property curve of ID-VGS makes threshold voltage 
low (when the transistor turns [ VGS ] off below with the threshold voltage VTH in this drawing, the 

25 current ID which flows to this transistor as a drawing destructive line shows turns into off leakage 
current). 

[0057] Therefore, like the conventional oscillator circuit, if the threshold voltage of transistors 42 and 52 
is set up low, the off leakage current below threshold voltage will become large, and the part and power 
consumption will become large. 
30 [0058] On the other hand, in this example, since the threshold voltage of each transistors 42 and 52 is 
set as a big value as shown in (2) types, it becomes small sharply about the value of the OFF leakage 
current which flows through each transistors 42 and 52, and the power consumption of the whole circuit 
can be reduced. 

[0059] (The 2nd example) Although explained taking the case of the case where constitute so that the 
35 threshold voltage of each transistors 42 and 52 may be satisfied with said 1st example of the 
aforementioned (2) formula, and a short current is reduced Even when said each transistors 42 and 52 
are formed in the 2nd example on the conditions shown in (1) type like before, by impressing 
direct-current bias voltage to the gate of each transistors 42 and 52 Reduction of the short current of 
the signal inversed amplifier 30 is enabled like said 1st example. 
40 [0060] The ridge oscillator of this example is shown in drawing 7 , and the timing chart is shown in 
drawing 8 . 
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[0061] the feedback input VG of said signal inversed amplifier 30 by which the ridge oscillator of this 
example is inputted into each gate of each transistor 42 and 52 ** — it is constituted including the 1st 
bias circuit 70 and the 2nd bias circuit 80 which shift the direct-current potential of (t) according to an 
individual. 

5 [0062] Said each bias circuits 70 and 80 are constituted including the capacitors 72 and 82 for removing 
a dc component, and the resistance 74 and 84 for direct-current bias voltage impression. 
[0063] Said capacitors 72 and 82 remove a dc component from gate signal VG(t), and they are used in 
order to impress the signal to the gate of the corresponding transistors 42 and 52. 

[0064] It connects between the gate of a transistor 42, and Ground VDD, and said resistance 74 pulls up 
10 the direct-current potential of feedback input VG(t) inputted into the gate of a transistor 42 to the 
ground potential VDD. 

[0065] It connects between the gate of a transistor 52, and a power source Vreg, and said resistance 84 
reduces the direct-current potential of feedback input VG(t) inputted into the gate of a transistor 52 to 
the power-source potential Vreg. 
15 [0066] gate signal VG by which a feedback input is carried out by considering as the above configuration 
at the above-mentioned signal inversed amplifier 30 — as said 1st and 2nd bias circuit 70 and 80 shows 
to VGP (t) and VGN (t), (t) is impressed to the gate of each transistors 42 and 52, where direct-current 
potential is changed into VDD and the power-source potential Vreg. 

[0067] Therefore, by turns, ON and while an off drive being carried out, each transistors 42 and 52 
20 reduce sharply the short current which the period when the ON drive of both the transistors 42 and 52 of 
both is carried out stops existing, and, as a result, flows the inside of the signal inversed amplifier 30 like 
said 1st example, and become possible [ attaining low-power-ization ]. 

[0068] Especially, in this example, a short current can be reduced for the absolute value of each 
threshold voltage of the enhancement type transistors 42 and 52 also as a small value. Consequently, 
25 supply voltage impressed to the signal inversed amplifier 30 is made into a small thing, and it becomes 
possible also from this field to reduce power consumption. 

[0069] In addition, the bias voltage which said 1st bias circuit 70 and the 2nd bias circuit 80 impress may 
be constituted so that potentials other than said example may be made to shift the direct-current 
potential of a feedback input to the gate of each transistors 42 and 52 according to an individual a 
30 condition [ each transistors 42 and 52 not having a common "on" period ]. 

[0070] In addition, this invention is not limited to said each example, and various kinds of deformation 
implementation by within the limits of the summary of this invention is possible for it. 

[0071] For example, although explained taking the case of the case where the 1st circuit 40 and the 2nd 
circuit 50 which constitute the signal inversed amplifier 30 are constituted from said example using one 

35 transistor, respectively, it is also possible to constitute a circuit combining circuit elements other than 
the above-mentioned, without spoiling the function of the 1 st and 2nd circuit 40 and 50 if needed. 
[0072] Moreover, it is desirable to carry in the portable electronic device which constitutes a 
semiconductor device including the ridge oscillator of said example and an electronic circuitry, and has 
the constraint to power supplies, such as portable telephone, a portable computer terminal, and other 

40 pocket devices, of this. 

[0073] Moreover, in this example, although explained taking the case of the case where a ridge oscillator 
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is used for the electronic circuitry for clocks, this invention will become very effective, not only this but 
when using for portable electronic devices which have constraint in a power supply, such as applications 
other than this, for example, portable telephone, a portable computer terminal, and other pocket devices, 
broadly. 

5 



DESCRIPTION OF DRAWINGS 



10 [Brief Description of the Drawings] 

[Drawing 1] It is the circuit diagram of the 1st example of the ridge oscillator concerning this invention. 
[Drawing 2] It is the timing-chart Fig. of the conventional circuit. 
[Drawing 3] It is the timing-chart Fig. of the circuit shown in drawing 1 . 

[Drawing 4] It is an explanatory view showing the relation between the threshold voltage of the 
15 conventional circuit, and power-source potential and ground potential. 

[Drawing 5] It is an explanatory view showing the relation between the threshold voltage in the 1st 

example, and power— source potential and ground potential. 

[Drawing 6] It is the VGS-ID property Fig. of an enhancement type transistor. 

[Drawing 7] It is the circuit diagram of the 2nd example of the ridge oscillator of this invention. 
20 [Drawing 8] It is the timing-chart Fig. of the 2nd example. 

[Description of Notations] 

10 Quartz Resonator 

14 Feedback Resistance 

30 Signal Inversed Amplifier 
25 40 1 st Circuit 

42 Field-effect Transistor 

50 2nd Circuit 

52 Field-effect Transistor 

60 Power Circuit Section 
30 70 80 The 1 st and 2nd bias circuit 



[Translation done.] 
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